Summary The nasal mucosae of 39 cases of primary neuntIc leprosy (PNL) registered at Karigiri were studied histologically to determine nasal mucosal involvement in PNL and its relevance to the pathogenesis of the disease. Specific changes of leprosy were seen in 20 (5 1 %) biopsies, ranging from macrophage granulomas with acid fast bacilli, to epithelioid granulomas and nerve inflammation. The remaining biopsies revealed chronic inflammatory changes of the mucosa or mild non-specific nerve changes. These findings show that there are widespread effects of the disease even in PNL patients in whom the disease is believed to be confined to the peripheral nerves. The findings also show that early leprosy involvement can be found in the nasal mucosa even before lesions become apparent in the skin or other parts of the body. The nasal mucosa could be one of the sites for the primary lesion in leprosy. Clinical and histological examination of the nasal mucosa may be useful and important in the early diagnosis of leprosy and especially in contacts.
present study was undertaken to determine if there are histological changes due to leprosy in the nasal mucosa of patients with PNL and its relevance to the pathogenesis of the disease.
Materials and methods
Nasal mucosal biopsies from 39 consenting patients with PNL seen at the outpatient department at Karigiri were studied. A diagnosis of PNL was made based on the following clinical criteria; signs and symptoms of a peripheral neuropathy, absence of skin patches and negative skin smear.
8 A cutaneous nerve biopsy was done in all these patients. A histological confirmation of leprosy was available in 32 patients. The remaining seven patients were treated as leprosy, based on finding definite nerve thickening and the other clinical criteria for PNL. 9 Other causes of a peripheral neuropathy were excluded.
A cotton swab soaked in 2% xylocaine with adrenaline was placed in the nostril for a few minutes to produce local anaesthesia and reduce the risk of bleeding. The biopsy was taken from the mucosa over the anterior end of the inferior turbinate bone using a Takahashi nasal biopsy forcep and the specimen was immediately immersed in Formol-Zenker's fixative for 4 h and then transferred to 70% alcohol. It was then routinely processed and embedded in paraffin. Serial 5-lLm thick sections were cut. Some sections were stained with haematoxylin and eosin and others with Job and Chacko's modification of the Fite Faraco stain for acid fast bacilli. lo The yield of diagnostic lesions in the nasal mucosa was then determined.
Results
Based on histological examination the biopsies were classified as in Table 1 . A brief description of the histological changes is given below.
NERVE INFLAMMATION
Nine of the 39 nasal mucosal biopsies (23%) showed inflamed nerves in the nasal mucosa (Table 1 ). The nerves were enlarged ( Figure 1 ) and showed dense perineurial and mild intraneural infiltration by lymphocytes (Figure 2 ). There was usually an accompanying chronic perivascular, adnexal and subepithelial inflammation of the mucosa. Four of them (44%) revealed acid fast bacilli in the Fite stained sections. 
MACROPHAGE GRANULOMAS
Macrophage granulomas were seen in nine (23%) of the biopsies. The macrophages were present in the nasal mucosa in relation to mucosal glands and in the loose stromal connective tissue ( Figure 3 ). Fite stained sections revealed acid fast bacilli in all these nine cases, in the macrophages (Figure 4 ), nerves and in endothelial cells of blood vessels.
EPITHELIOID GRANUL OMAS
Aggregates of epithelioid cells cuffed by lymphocytes were seen in the nasal mucosal biopsies in two patients (5%). These epithelioid cells were present in relation to mucosal glands ( Figure 5 ), and there was accompanying nerve inflammation and chronic inflammatory changes in the mucosa. Acid fast bacilli were not seen.
NON-S PECIFIC INFLAMMATION
Nineteen biopsies (49%) revealed non-specific inflammatory changes in the mucosa consist ing of perivascular and periglandular infiltrate of lymphocytes, histiocytes and plasma cells with no evidence of nerve inflammation or bacilli. In five of these biopsies, the nerves showed prominent Schwann cell nuclei and prominent perineurial cells. The relationship between the nasal biopsy findings and nerve histology is given in Table  2 . Of the 17 patients who had a multibacillary histology [lepromatous leprosy (LL) and borderline lepromatous leprosy (BL)] in the nerve, 10 (59%) showed nerve inflammation, acid fast bacilli or granulomas in the nasal mucosa. Among the 15 patients who showed a borderline tuberculoid (BT) or indeterminate leprosy histology in the nerve, five displayed nerve inflammation; one had a epithelioid granuloma and the majority (nine) revealed non specific inflammation in the nasal mucosa.
Discussion
The nasal mucosa is a rich reservoir of infection. While no organisms are shed from the intact skin of even highly bacilliferous lepromatous patients, in disease, whereas delivery of M. leprae into the nostril in a saline suspension was associated with invasion of the nasal mucosa producing a localized nodule and disseminated disease 15 months later.
5 In addition, recent biochemical studies have characterized an M. leprae gene encoding a fibronectin-integrin receptor present on nasal epithelial cells resulting in internalization of the bacteria. 14 , 15 In the present study, there were specific changes due to leprosy in the nasal mucosa in over half the patients, confirming that the nasal mucosa is involved in PNL. The histological finding of nerve inflammation, bacilli and even granulomas in the nasal mucosa, which is a site distant from the peripheral nerves, suggests that there are widespread effects of the disease even in PNL patients where the disease is believed to be confined to the peripheral nerves.
Nineteen patients (49%) were found to have non-specific inflammatory changes in the mucosa. These could, in some cases, be due to a nasal smear being taken from the same site prior to the biopsy. Alternatively, the perivascular and periglandular location of the infiltrate may indicate early changes specific to leprosy. 1 6 The prominent nerves seen in five of these patients may also be a step in the progression towards specific nerve inflammation. All these observations establish that there is a generalized infection in PNL and that the disease is not confined to the peripheral nerves. Furthermore, over 30% of these patients also revealed specific changes due to leprosy in the apparently normal skin from an area of sensory change.
I?
The findings of this study are consistent with the nasal mucosa being one of the sites for the primary lesion in leprosy. From this primary focus, the organism may spread via the bloodstream and/or lymphatics to lodge in nerves, skin and other sites, where the secondary lesions occur. The findings of bacilli in endothelial cells of blood vessels and the peri vascular infiltrate is consistent with haematogenous dissemination of infection.
The histological changes in the nasal mucosa, which range from epithelioid granuloma with no bacilli to macrophages with acid fast bacilli, may indicate that the factors that influence local mucosal immunity may determine the future course of the infection. 1 8 , 19 All seven of the patients who revealed macrophages in the nasal mucosa had a lepromatous or borderline lepromatous nerve histology. However, one of the patients who showed epithelioid granulomas in the nasal mucosa showed borderline lepromatous features in the nerve. Such a discrepancy between skin and nerve histology in the same patients has been shown by us and others, 2o , 2 1 and suggests that the nasal mucosa (like the skin) is an immunologically open site and may respond differently from nerve tissue, which is considered an immunologically privileged site. 22 Interestingly, four of the seven patients who did not show any significant pathology in the nerve revealed specific changes-macrophage granulomas with acid fast bacilli (two) and nerve inflammation (two) in the nasal mucosa (Table 2) . These findings could suggest that early leprosy involvement can be found in the nasal mucosa before the disease can be identified pathologically in the skin, nerve or other parts of the body. Nasal symptoms may be the first clinical manifestation of leprosy.
3 , 23 Clinical examination and histology of the nasal mucosa may be useful and important in the early diagnosis of leprosy and especially in contacts.
More recently, a population endemic for leprosy was screened for nasal carriage of M. leprae using the sensitive polymerase chain reaction (PCR) technique and found 7.8% positivity. 24 Its significance to infection and disease will need to be investigated. Nasal mucosal biopsies and clinical follow-up of such individuals will throw light on the significance of the bacilli in the nose, the role of nasal mucosal immunity and the possible progression of the disease.
In conclusion, the present study establishes that there is nasal mucosal involvement in PNL. The findings of nerve inflammation, bacilli and granulomas in the nasal mucosa of patients with PNL (even when the nerve lesion is at a site distant from the nose) suggests that there may be disseminated disease even in these patients and shows that PNL can no longer be considered as confined to peripheral nerves. Nasal mucosa could represent one of the sites for the primary lesion in leprosy. Clinical and histological examination of the nasal mucosa may be useful in the early diagnosis of the disease.
